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Executive Summary

Introduction

Non-motorized transportation is a topic of increasing public interest in the Humboldt County
region and statewide. However, many of the region’s public and private entities lack sufficient
data to support projects that encourage non-motorized activities; and current field survey
methods for collecting non-motorized traffic data are expensive, time consuming, and
unverifiable. Project proponents, decisions makers, and other data users are in need of new
protocols and techniques to make future non-motorized traffic counts more abundant, reliable
and versatile.

To address these needs, HCAOG, the Regional Transportation Planning Agency for Humboldt
County, agreed to administer a contract to fund the Non-Motorized Digital Data Collection on
State Highways (NMDDC) Pilot Project on behalf of Caltrans District 1. A Request for
Proposal was circulated in January 2010. The contract was awarded to Manhard Consulting, a
private civil engineering and consulting firm. This report is the final deliverable product of the
NMDDC Pilot Project.

The primary objective of the Pilot Project was to develop an efficient and cost-effective
methodology for digitally recording and counting non-motorized (i.e., pedestrian and bicycle)
users of the State highway system. In addition, the RFP called for the collection of non-
motorized traffic data at six (6) highway sites in District 1.

The methodology ultimately recommended in this report includes two distinct elements: the
recommended data collection / camera system, as identified in Appendix B; and the suggested
protocols for use of that system, as listed in Appendices C and D. For clarity and ease of
presentation, the sections to follow are written in first-person, from the perspective of the project
consultant, Manhard Consulting, Ltd

Phase 1 – Research and System Design

Our first phase of work was dedicated to researching, developing, and acquiring a functional
digital recording system. Based on our extensive research, testing, and Pilot Project experience,
we recommend the data collection system described in Appendix B.

The recommended system consists of: a camera, digital video recorder, programmable timer,
and 12V battery, all assembled in a waterproof box with mounting bracket. The system is
designed to be self-contained, and can be mounted to a power pole or tree by one or two people
without the use of specialized tools or vehicles. Once deployed, it is capable of recording
continuous digital video for several days with no maintenance required.

The system stores digital video files on high capacity SD card media. All files can be reviewed
(and all traffic data can be counted) in an office setting at accelerated speeds using free,
commonly available software.

Four original copies of the recommended recording system – all of which were assembled by
The Security Store in Redway, CA – were delivered to Caltrans upon the issuance of this report.
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Phase 2 – Sample Data Collection

Our second phase of work was dedicated to collecting digital non-motorized traffic data at six
(6) highway sampling sites. The sampling sites specified in the RFP were chosen, in part, so
that the recommended data collection system could be tested under a variety of site conditions:
urban and rural, nearby and remote, at corridor and intersection locations, subject to light and
heavy traffic, and using one or two cameras. Data were collected at the following locations:

 Intersection of Lupin Drive and HWY 255
(Manila, Humboldt County)

 Intersection of Indianola Road and HWY 101
(Indianola, Humboldt County)

 HWY 199 at Downtown Hiouchi
(Hiouchi, Del Norte County)

 Intersection of Wabash Avenue and HWY 101
(Eureka, Humboldt County)

 Intersection of East Laurel Street and HWY 1
(Fort Bragg, Mendocino County)

 Shoulder Site on HWY 1 at Pudding Creek Bridge
(Fort Bragg, Mendocino County)

Summaries of each data set are presented in Appendix F. Raw data files were delivered to
Caltrans upon the issuance of this report.

Phase 3 – Data Processing and Protocol Development

Over the course of the Pilot Project, we steadily developed protocols for system installation,
maintenance, and takedown, based on our ongoing experiences with the data collection system.
Likewise, we developed data processing and reporting protocols in parallel with our data
processing efforts.

Suggested protocols for equipment installation and operation are presented in Appendix C.
While developing these protocols, we focused primarily on worker safety in the field, and proper
equipment setup, given the variety of physical conditions encountered at each sampling site.

Suggested protocols for data processing and reporting are presented in Appendix D. While
developing these protocols, we focused primarily on data review efficiency and quality
assurance.

Comparative Cost Analysis

Upon completing our digital data collection and processing efforts at the six (6) sampling sites
listed above, we calculated the costs associated with those efforts, and compared them to the
estimated costs of conducting human field surveys at the same sites. Despite making
conservative assumptions in favor of current field methods, we found that the recommended
digital methodology was more cost effective than field methods at all six sites.
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Project Findings

Based on our research and experience with the NMDDC Pilot Project, we find that digital data
collection is a viable and advantageous alternative to human surveys for collecting non-
motorized traffic data at highway locations. Not only do digital methods allow for greater
flexibility in sampling design, they produce data that can be verified for accuracy and
completeness.

The digital data collection systems and protocols recommended in this report are significantly
more efficient and economical than current field survey-based methods. The greatest cost
savings are realized at the following types of sites:

 Sites in rural settings;

 Sites in remote locations;

 Lightly trafficked sites;

 Simply configured sites; and

 Sites capable of being monitored with a single camera.

Although the NMDDC Pilot Project sampling sites were located within a relatively small
geographic region, we believe the recommended methodology is suitable for highway locations
statewide, and that data collected using this methodology may reliably be used to support all
kinds of highway projects.
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Introduction

This report is the final deliverable product for the Non-Motorized Digital Data Collection on
State Highways (NMDDC) Pilot Project, administered by the Humboldt County Association of
Governments (HCAOG), on behalf of the California Department of Transportation (Caltrans)
District 1, via contract with Manhard Consulting, Ltd. (formerly White Engineering), a private
civil engineering and consulting firm.

Background

Non-motorized transportation is a topic of increasing public interest in the Humboldt County
region, as well as throughout the District and the State. Many of the region’s public and private
entities support the development of projects that encourage non-motorized activities. However,
those entities often lack sufficient data to support projects and programs that could lead to
improved conditions for the cycling and walking public.

At present, non-motorized traffic data are generated through field surveys in which personnel
are required to stand at precise highway locations and manually count and record pedestrians
and cyclists for many hours over the course of several days. This methodology is expensive,
time-consuming, and not verifiable. Project proponents, decisions makers, and other data users
are in need of new protocols and techniques to make future non-motorized traffic surveys more
abundant, reliable and versatile.

To address these data needs, HCAOG, the Regional Transportation Planning Agency for
Humboldt County, agreed to administer a contract on Caltrans’ behalf. The purpose of the
contract was to instigate a pilot project for the development of a new methodology for the
collection of non-motorized traffic data within the State highway system. The new
methodology, if proven effective, may be used to conduct future non-motorized traffic counts
for the development of Corridor System Management Plans (CSMP), Transportation Concept
Reports (TCRs), and other similar products.

The Request for Proposal (RFP) for the NMDDC Pilot Project was circulated in January 2010.
The contract for the project was awarded to White Engineering (now Manhard Consulting, Ltd.),
in May 2010, and the project is complete as of the issuance of this report.

Project Goals and Objectives

As stated in the RFP, the primary objective of the NMDDC Pilot Project is to develop an
efficient and cost-effective methodology for digitally recording and counting non-motorized
(i.e., pedestrian and bicycle) users of the State highway system.

Specifically, the new methodology must not only be capable of counting and recording
pedestrians and cyclists using State highways, but must also be capable of discerning the
differences between commuters and touring cyclists, and whether or not cyclists are using safety
equipment. Data collected under this methodology will be used to help determine the specific
needs of the non-motorized public based on these attributes.

Another objective of the Pilot Project is to produce up-to-date, non-motorized traffic data for six
(6) specific highway sites in District 1. This effort is valuable for two reasons. First, as stand-
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alone products, the data sets collected are immediately useful to District 1 planning staff.
Second, the act of production within the larger context of the Pilot Project allows for a
comparative cost analysis of the newly developed data collection methodology (using cameras
mounted on light poles) versus the existing methodology (using human surveyors in the field).

Contents of This Report

This report and its appendices contain summaries of all NMDDC Pilot Project activities,
findings, and data products, including:

 Summary of Phase 1 research and system development efforts;

 Summary of Phase 2data collection efforts at six sampling sites;

 Summary of Phase 3 data processing and protocol development efforts;

 Description of the recommended digital data collection system, including all
components and accessories (Appendix B);

 Suggested protocols for equipment installation and operation (Appendix C);

 Suggested protocols for data processing and reporting (Appendix D);

 Comparative cost analysis of the recommended data collection methodology
versus previously available methods;

 Project findings; and

 Suggestions for further research and system / protocol improvement.

This report is accompanied by digital spreadsheet (MS Excel) files containing traffic count data
for the six monitoring locations specified in the RFP. Summaries of these digital files are
presented in Appendix E.

The methodology ultimately recommended in this report includes two distinct elements: the
recommended data collection / camera system, as identified in Appendix B; and the suggested
protocols for use of that system, as listed in Appendices C and D. For clarity and ease of
presentation, the sections to follow are written in first-person, from the perspective of the project
consultant, Manhard Consulting, Ltd.

Phase 1 – Research and System Design

We began developing the new data collection methodology under the presumption that the final
product would be some form of a mechanized, remote, digital recording system used in
conjunction with some form of an accelerated office-based data review protocol. Thus, our first
phase of work was dedicated to researching, developing, and acquiring a functional digital
recording system.

Output Data Requirements

As specified in the RFP, the digital recording system must allow for the collection and
processing of data with the following output characteristics:
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 Count data should be in Excel format and should include (at a minimum)
consecutive 15-minute count periods totaling 13 hours per day (for example,
6am to 7pm) for three 3 consecutive days;

 Data fields should include all turning, through- and cross-movements for
pedestrians and bicycles noted independently;

 Bicycles counted should be noted for safety gear (helmet or not) and for
appearance (commuter or tourist).

Desired System Attributes

Based on early discussions between our staff, Smith Electric Construction (a sub-consultant),
and Caltrans planning, maintenance, electrical, and encroachment permit staff, we established
the following list of desired system attributes. While no one system can possess all of these
attributes (some of them are mutually exclusive), the list serves as a standard against which
potential options may be evaluated and compared.

The data collection system must/should have the following attributes (in no particular order):

 Must be affordable (i.e., less than $2,000 per unit);

 Must be durable (i.e., capable of being repeatedly installed, removed, and/or
vandalized with low risk of equipment damage or data loss);

 Must be weather resistant (i.e., all system components or the system container
rated IP 66 or higher);

 Should be low-profile (i.e., inconspicuous to vandals) when mounted on a pole;

 Equipment should be available from a reliable manufacturer, based on
technology that won't be obsolete or unavailable in the short-term;

 Must be independently powered, with an on-board power supply capable of
lasting for a single deployment (i.e., at least three days with 13 hours of
recording time per day);

 Need not be capable of recording at night;

 Should include a timer or sleep mode for off-hours;

 Should collect streaming video data, as opposed to still frames triggered by a
timer or motion sensor;

 Should be capable of recording at different speeds (i.e. at variable frames per
second);

 Must be capable of low-resolution recording, either via a resolution setting or
manual focus;

 Should have a high visual range (i.e., approximately 75 feet) and broad viewing
angle (i.e., approximately 100 degrees), or should allow for the use of different
lenses for varying site conditions;

 Must be capable of storing enough data for a single deployment (i.e., at least 39
total hours of recorded video);

 Should store all data on removable media, such as a memory card or USB drive,
which can be retrieved while the system is in a mounted position;
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 Must be easy to assemble, to set up in the field, and to take down without the use
of specialized tools, equipment, or vehicles;

 Should be relatively small in size and lightweight (i.e., capable of being safely
mounted on a light post or tree by one individual on a ladder);

 Must be capable of being aimed, zoomed, and/or focused, once installed;

 Should allow for recorded images to be viewed in real-time during installation,
without requiring the installer to come down the ladder;

 Video data must be easily reviewable in an office setting and converted into
spreadsheet form according to Caltrans specifications;

 Video data should be reviewable in ‘fast motion’ using free, commonly available
software;

 Video data must be time-stamped for data processing purposes.

Alternatives Considered

Our research of available camera system technology included extensive online research, visits to
local electrical, camera and security stores, telephone and email communications with distant
and local vendors, and consultations with experts in surveillance, electronics, and digital
photography.

Based on the above list of desired system attributes, we initially ruled out several retail off-the-
shelf home surveillance systems, as well as several high-end commercial systems. In general,
we found most off-the-shelf systems (available from retail outlets such as Costco, Sears, and
Radio Shack) to be poorly constructed, inflexible, and not likely to be available in the long-term.
In contrast, most commercial systems offered by electrical specialists were relatively heavy,
expensive, and better suited for permanent camera installations.

Superior options for data collection systems were available from an online vendor (Advance
Security Products in Belleville, IL http://www.surveillance-spy-cameras.com/) and a local
surveillance expert (The Security Store in Redway, CA). Each was willing to custom-build
systems using components capable of meeting our specified needs. In each case, the
components included: a carrying case, mounting hardware, low-profile camera, digital video
recorder w/ SD card media, battery, and miscellaneous wire connections.

Prototype Testing

The first two prototypes of the data collection system were ultimately built by The Security
Store using some components purchased from Advance Security Products. The only difference
between the first two prototype systems was the camera. One system featured a color camera
with a built-in vari-focal lens. The other system featured a black-and-white camera with
manually interchangeable lenses.

Upon our receipt of the prototype systems, we began a course of extensive bench- and field-
testing to familiarize ourselves with the equipment and its operation. Bench tests were
conducted in an office setting, focusing primarily on system behavior, data card capacity and
battery life. Field tests were conducted in the Caltrans Bracut Maintenance Yard, focusing
primarily on camera performance, image quality based on DVR settings, and installation /
takedown techniques.
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Prototype Modifications

Prototype testing revealed the need for certain system modifications prior to proceeding with
data collection for the Pilot Project. Specifically, we encountered problems related to short
battery life, memory card failures, and potential for vandalism. Modifications made to address
these problems are briefly described below.

Battery Systems

Initial testing revealed two notable battery issues. First, we found that the camera and DVR
each continued to draw significant battery power even when the DVR was not actively recording
(as controlled by the DVR timer). Our original design calculations for battery size assumed
virtually no draw when the DVR was deactivated. As a result, the prototype system battery was
significantly undersized.

Second, assuming the first battery issue could be remedied, the total battery life for the system
allowed for too little surplus beyond the desired 39-hour monitoring interval for a single
deployment. In order to allow for greater flexibility in deployment scheduling, additional
battery life would be necessary.

To remedy these issues, a new timer / switch was added to the system capable of cutting power
to both the camera and the DVR when not actively recording. Secondly, the battery size was
increased from 12 Amp-hours to 20 Amp-hours. These modifications combined to provide the
data collection system with greater total battery life.

SD Memory Cards

Memory card failures were a recurring problem during initial system testing. In general, we
observed that the likelihood of card failure increased as card capacity and image resolution
increased. Furthermore, we observed that any card failure caused all recording activities to stop
until the DVR could be reprogrammed, thus causing a substantial loss of data.

To remedy this critical system shortcoming, we replaced all standard SD cards (Class 2 or 4)
with high-speed SD cards (Class 6 or better). Following this change, memory card failures
ceased to occur, regardless of card capacity and image resolution.

Vandalism Concerns

The first prototype systems were designed assuming the camera would be positioned on the
underside of the carrying case when mounted to a pole. Due to safety constraints, systems
installed by a single person on a ladder can be mounted no higher than approximately 10-12 feet
above the ground. Therefore, not only did this configuration increase the chances of the system
being noticed and recognized by passers-by, it put the camera within easy reach of damage by
vandals.

To remedy this issue, we reconfigured the system by moving the camera to the topside of the
carrying case, thus making it less noticeable, and less susceptible to vandalism.
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Recommended Data Collection System

Based on our extensive research, testing, and experience under the NMDDC Pilot Project, we
recommend the data collection system described in Appendix B.

Four copies of the recommended system (two with color cameras, and two with black-and-white
cameras) accompany this report and shall be delivered (with accessories) to Caltrans upon its
issuance. All systems were assembled by The Security Store in Redway, CA. Replacement
parts, additional copies, and other accessories are available through the same, or through
alternate sources as listed in Appendix B.

Phase 2 – Sample Data Collection

Our second phase of work under the NMDDC Pilot Project was dedicated to collecting digital
non-motorized traffic data at six highway sampling sites, as specified in the RFP, and as slightly
modified by Caltrans during the Pilot Project.

We collected initial data at ‘nearby’ sampling sites using the first system prototypes, which were
set to record at low resolution, and which required multiple battery switches over the course of
three (3) sampling days. We collected subsequent data at ‘remote’ sampling sites using the
modified prototype systems (i.e., the data collection systems ultimately recommended in this
report), set to record at medium resolution.

Activities conducted during this phase of work served as the basis for protocol development
during Phase 3 of the Pilot Project, which is described later in this report.

Sampling Site Characteristics

The sampling sites specified in the RFP were chosen, in part, so that the recommended data
collection system could be tested under a variety of site conditions. Site characteristics that vary
between sites include:

Setting:

Urban, Rural

Proximity to District 1 Office:

Nearby (< 30 miles), Mid-range (30 - 90 miles), Remote (> 90 miles)

Non-Motorized Traffic Volume:

Light (< 100 events / day), Moderate (100 - 200 events / day),
Heavy (> 200 events / day)

Site Configuration:

Intersection, Corridor

Number of Cameras Required:

One (1), Two (2)



NMDDC PILOT PROJECT FINAL REPORT JANUARY 2011

PAGE 7

Sampling Locations and Dates

Digital non-motorized traffic data were recorded at the following sampling locations during the
dates indicated. Complete digital video files and processed spreadsheet data accompany this
report and shall be delivered to Caltrans upon its issuance.

Intersection of Lupin Drive and HWY 255
(Manila, Humboldt County)

Site Name: Manila
Record Dates: 8/13/10 - 8/16/10

Setting: Rural
Proximity: Nearby (6 miles)
Traffic Volume: Light
Configuration: 4-way intersection
# of Cameras: One (1)

Intersection of Indianola Road and HWY 101
(Indianola, Humboldt County)

Site Name: Indianola
Record Dates: 8/13/10 - 8/16/10

Setting: Urban
Proximity: Nearby (5 miles)
Traffic Volume: Light
Configuration: 3-way intersection, divided highway
# of Cameras: One (1)

HWY 199 at Downtown Hiouchi
(Hiouchi, Del Norte County)

Site Name: Hiouchi
Record Dates: 8/17/10 - 8/20/10

Setting: Rural
Proximity: Remote (93 miles)
Traffic Volume: Moderate
Configuration: Corridor
# of Cameras: One (1)

Intersection of Wabash Avenue and HWY 101
(Eureka, Humboldt County)

Site Name: Wabash
Record Dates: 8/24/10 – 8/27/10

Setting: Urban
Proximity: Nearby (1 mile)
Traffic Volume: Heavy
Configuration: 5-way intersection
# of Cameras: Two (2)
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Intersection of East Laurel Street and HWY 1
(Fort Bragg, Mendocino County)

Site Name: Downtown Fort Bragg
Record Dates: 8/30/10 - 9/3/10

Setting: Urban
Proximity: Remote (133 miles)
Traffic Volume: Heavy
Configuration: 4-way intersection
#of Cameras Two (2)

Shoulder Site on HWY 1 at Pudding Creek Bridge
(Fort Bragg, Mendocino County)

Site Name: Pudding Creek
Record Dates: 8/30/10 - 9/3/10

Setting: Rural
Proximity: Remote (132 miles)
Traffic Volume: Light
Configuration: Corridor
# of Cameras: One (1)

Design Sampling Intervals

As specified in the RFP, the design interval for counting non-motorized traffic at any site is
three (3) consecutive 13-hour ‘days.’ However, based on guidance received from Caltrans
during the Pilot Project, it is acceptable to straddle evenings on either side of a sampled interval.

At most sampling sites, we collected more than 39 total hours of video data, but we only
processed and reported data for the required (3) consecutive 13-hour ‘days.’ Data summaries for
each sampling site, including the total number of hours recorded, as well as the designated
‘design day’ for each site (based on the most ideal lighting conditions), are presented in
Appendix F.

Encroachment Permit Requirements

Before mounting data collection equipment to Caltrans light poles at the locations specified
above, we first applied for and received an encroachment permit from District 1 to conduct the
work (Permit No. 0110-N-MC-0298, presented in Appendix G). The permit contained
notification, inspection, and traffic control requirements to be followed during all roadside
activities. Future users of the data collection system recommended in this report will be
responsible for knowing and adhering to similar applicable requirements for such work.

Since all of our sampling work was conducted at off-shoulder highway locations, or on
sidewalks, the encroachment permit required no more than a typical shoulder closure at any
single location. Furthermore, most equipment installation, maintenance, and takedown activities
took less than thirty minutes to complete, and required no more than two (2) people.
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Phase 3 – Data Processing and Protocol Development

Over the course of the Pilot Project, we steadily developed protocols for system installation,
maintenance, and takedown, based on our ongoing experiences with the data collection system.
Likewise, we developed data processing and reporting protocols in parallel with our data
processing efforts. This section briefly describes some of the choices we made while developing
these protocols.

Suggested Data Collection / Equipment Operation Protocols

Suggested protocols for equipment installation and operation are presented in Appendix C.
While developing these protocols, we focused primarily on worker safety in the field, and proper
equipment setup, given the variety of physical conditions encountered at each sampling site.

Worker Safety

Given that the recommended data collection system was designed to be mounted to light posts
(or trees) at highway shoulder locations, we spent considerable time searching for and
experimenting with protocols and equipment that would maximize worker safety. Our goal,
based on the desired system attributes previously listed in this report, was to identify protocols
and techniques allowing for the system to be safely installed in the field by a single worker
without the use of specialized equipment or vehicles.

Based on our research and experience, we found that a common orchard ladder is the safest
means of accessing elevated mounting positions, due to its wide stance and adaptability to the
uneven grades often encountered at highway shoulder locations. While on the ladder, a worker
should always have one hand free to hold his/her position. Therefore, we recommend the use of
a tool belt to hold all tools and accessories, a neck-strap to carry the handheld video monitor,
and a mounting strap system capable of being secured using a handheld cordless screwdriver.

Proper Equipment Setup

Upon reviewing our first field-collected data sets, we concluded that proper equipment setup,
given the physical conditions at the intended sampling site, is critical to the successful use of the
recommended data collection system. Our first few data sets suffered in some instances from
low resolution, less-than-ideal lighting conditions, and pedestrians appearing too distant or too
close for efficient data review. Furthermore, at sites where two cameras were used, data
processing and recording activities were made difficult by the inconvenient overlap of camera
views. While none of these difficulties rendered any particular data set unusable, they did tend
to increase the number of person-hours required to effectively process and record non-motorized
traffic data.

To remedy the difficulties described above, we found it necessary to use higher resolution
recording settings, to account for the position of the sun over the course of a day when selecting
a mounting position, and to choose camera lenses that maximize the amount of time any cyclist
or pedestrian remains within the recorded view of the camera.
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Suggested Data Processing / Reporting Protocols

Suggested protocols for data processing and reporting are presented in Appendix D. While
developing these protocols, we focused primarily on data review efficiency and quality
assurance.

Data Review Efficiency

The biggest factors affecting the efficiency of data review are: (1) the choice of data review
software, and (2) a reviewer’s familiarity with the software’s features. Our goal, based on the
desired system attributes previously listed in this report, was to identify a free, commonly
available software platform capable of facilitating the efficient review of many consecutive
hours of video data.

Based on our research, the most viable software options for reviewing digital traffic data are
Video LAN Client and Windows Media Player. While each platform offers unique advantages
relative to the other, we found Windows Media Player to be superior for our needs. Ultimately,
all data for the NMDDC Pilot Project were processed using Windows Media Player (v.11).

Over the course of our data processing efforts, we came to recognize the value of time spent
researching and becoming closely familiar with the features offered by the data review software.
To maximize efficiency, we suggest that data reviewers familiarize themselves well with the file
management structure, advanced plug-in features, and shortcut functions available for Windows
Media Player (v.11).

Quality Assurance

Given the importance of non-motorized traffic counts to Caltrans’ planning and program
development efforts, processed digital traffic data must be demonstrably complete and
verifiable. To address these needs, we suggest creating separate roles for data managers and
data reviewers, and incorporating the following quality assurance measures into the data
processing routine:

- To Promote Data Completeness:

Prior to the review of a data set, a manager should check and report on the
completeness of all video files, and should specify an appropriate ‘design day’
for that set. If the manager determines that the set is not sufficiently complete, it
should not be reviewed.

- To Promote Data Consistency:

Blank data entry sheets for each data set should be prepared by a manager, and
then given to a reviewer for data processing. The reviewer should populate
those sheets with processed data, and return them (once complete) to the data
manager for review and/or correction prior to final acceptance.

- To Promote Data Accuracy:

Two hours of data from each data set should initially be reviewed and processed
in parallel by a manager and a reviewer. The two should compare and discuss
their results to address any discrepancies, and to make any needed adjustments
to the data entry sheets or reviewing protocols. Once such adjustments are
made, the manager should decide whether a second review-in-parallel is
necessary, prior to allowing the reviewer to process the rest of the data.
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Comparative Cost Analysis

As previously stated, the primary objective of the NMDDC Pilot Project is to develop an
efficient and cost-effective methodology for digitally recording and counting non-motorized
users of the State highway system. This section contains cost estimates and supporting
information intended to demonstrate the cost differences between the digital data collection
methodology recommended in this report, and the human survey methodology currently used
throughout the State.

Table 1 contains cost estimates for non-motorized traffic monitoring activities at the six sites
specified in the RFP. For comparative purposes, the ‘costs’ itemized below are presented in
terms of either person-hours or dollars. Data listed in the table for digital methods are estimates
based on actual expenditures incurred during the NMDDC Pilot Project. Data listed for human
survey methods are estimates based on our understanding of those methods.

Table 1. Cost Comparison of Digital Data Collection vs. Human Survey Methods.

NMDDC Methods Human Survey Methods

Sampling Site Person-Hours Other Costs* Person-Hours Other Costs*

Manila 29.5 52.5

Indianola 39 52.5

Pudding Creek 39.5 $264 56 $527

Hiouchi 42.5 $186 54.5 $488

Wabash 50.5 99

Downtown
Fort Bragg

67.5 $266 106 $923

* Other Costs include: mileage ($0.50 per mile), lodging ($85 per night),
and meals & incidentals ($40 per diem) for monitoring staff.

Digital Data Collection Costs and Assumptions

Person-hours reported in Table 1 for digital data collection methods include hours spent during
the following activities: site reconnaissance, field preparation, travel (assumes two round trips
per site), camera system installation, camera system takedown, data sheet set-up, data
completeness checks, digital data review and processing (as listed in Table 2), data entry, and
data verification.

Other costs reported in Table 1 for digital methods are limited to mileage costs for traveling
staff, as these methods do not require personnel to stay overnight in remote locations. However,
initial equipment purchases of approximately $1,800 per camera system are not reported.

We believe that the costs listed in Table 1 for digital data collection at the six Pilot Project sites
are representative of the costs that may be expected for future monitoring efforts at similar sites.
Furthermore, as monitoring staff gain experience using the recommended camera system and
data processing protocols, we believe that the number of hours required to collect and record
non-motorized traffic data will decrease.
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Human Survey Costs and Assumptions

Person-hours reported in Table 1 for human survey methods include hours spent during the
following activities: site reconnaissance, field preparation, travel (assumes one round trip per
remote site, and three round trips per nearby site), data sheet set-up, field surveying and data
processing (as listed in Table 2), data entry, and data verification.

Other costs reported in Table 1 for human survey methods include costs associated with
mileage, 3 nights lodging, and 3.5 days of meals and incidentals for each traveling surveyor.

For purposes of estimating the costs associated with human survey methods, we assumed a
single person would conduct each traffic survey, except at the Wabash and Downtown Fort
Bragg sites, where two persons would be needed to collect a complete data set (due to complex
site configurations and high non-motorized traffic volumes). Given these assumptions, we
believe our estimates for human survey methods may be deceivingly low, because they do not
account for potential, significant cost increases due to agency rules regarding overtime and
worker safety.

Differences in Data Review Time

The most significant line-item cost difference between the digital data collection and human
survey methodologies is due to data review and reporting time. When human surveyors are
used, they must occupy the sampling site for all 39 hours of the sampling interval. When
mechanized camera systems are used, review time is limited to time spent in an office setting
watching recorded video at rates as fast as 8 times normal speed.

Table 2 lists the number of hours we spent during the NMDDC Pilot Project viewing and
processing recorded video for each sampling site, as compared to the minimum number of hours
required to conduct and process a real-time field survey. For the Wabash and Downtown Fort
Bragg sites, where two cameras were used, the number of hours we spent reviewing recorded
video necessarily doubled.

Table 2. Comparison of Review and Reporting Time for
Digital Data Collection vs. Human Survey Methods.

NMDDC Method
Human Survey

Methods

Sampling Site Person-Hours Person-Hours

Manila 14 39

Indianola 23.5 39

Pudding Creek 15 39

Hiouchi 21 39

Wabash 34 78*

Downtown
Fort Bragg

42 78*

* Assumes two surveyors per site.



NMDDC PILOT PROJECT FINAL REPORT JANUARY 2011

PAGE 13

Third Party Estimates

As an additional means of cost comparison, we solicited and received estimates from three
private firms for non-motorized traffic monitoring at the six sampling sites specified in the RFP.
The estimates we received are as follows:

Vendor Address Estimate

Traffic Data Service Campbell, CA $14,650
(assumes two surveyors at Wabash site only)

Murthy Transportation Consultants, Inc. Fullerton, CA $20,475
(assumes two surveyors at Wabash site only)

TPG Consulting, Inc. Visalia, CA $15,575
(assumes one surveyor per site)

All estimates assume additional, unanticipated, and/or some travel costs will be charged at
standard rates. A direct comparison of these estimates and the costs listed in Table 1 may be
made by assigning hourly rates to the person-hours listed – an exercise left to the reader.

Project Findings

Based on our research and experience with the NMDDC Pilot Project, and based on the cost
comparison information provided above, we find that digital data collection is a viable and
advantageous alternative to human surveys for collecting non-motorized traffic data at highway
locations. Not only do digital methods allow for greater flexibility in sampling design, they
produce data that can be verified for accuracy and completeness.

The digital data collection systems and protocols recommended in this report are significantly
more efficient and economical than current field survey-based methods. The greatest cost
savings are realized at the following types of sites:

 Sites in rural settings;

 Sites in remote locations;

 Lightly trafficked sites;

 Simply configured sites; and

 Sites capable of being monitored with a single camera system.

Although the NMDDC Pilot Project sampling sites were located within a relatively small
geographic region, we believe the recommended methodology is suitable for highway locations
statewide, and that data collected using this methodology may reliably be used to support all
kinds highway projects.
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Suggestions for Further Research and Methodology Improvements

Based on our experience with the recommended data collection system and associated protocols,
we offer the following suggestions for further research and methodology improvement:

 Design a protective shroud to be added to the data collection system to protect
the camera from weather and light exposure, to decrease overall
conspicuousness, and to reduce the risk of damage from vandalism.

 Conduct comprehensive bench testing on the recommended data collection
system to determine maximum battery and memory capacities versus resolution,
speed, and image size. Such information may be used to optimize sampling
designs and overall system performance.

 Conduct further research of alternative viewers for video files, including
proprietary software (i.e., software that is not available free-of-charge).
Specifically, consider viewers capable of displaying video files in separate
windows (preferably synchronized) for sites where two or more cameras are
required.

 Revise / Improve the suggested protocols presented in Appendices C and D to
better reflect agency requirements for field safety, quality assurance / quality
control, and other relevant polices; and reissue the protocols in a standardized
NMDDC User’s Manual, to be maintained and periodically revised by dedicated
Caltrans staff.

 Revise / Improve templates used for data presentation, such as those presented in
Appendix E and in the raw data accompanying this report, based on agency
needs and public preferences. For instance, site schematics, maps, and/or
photographs could be added to current templates to improve the level of
information conveyed to data end users. Standardize and reissue the templates
for Caltrans use across the District and/or State.
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List of Contributors

The following individuals were responsible for the completion and success of the
NMDDC Pilot Project:

Caltrans - District 1

System & Community Planning
1656 Union Street
Eureka, CA 95501
707.445.6600

Rex Jackman
System & Community Planning Chief

Rick Mayberry, P.E.
Transportation Engineer

Alyson Hunter
Associate Transportation Planner

Manhard Consulting, Ltd.
(formerly White Engineering)

427 F Street, Suite #236
Eureka, CA 95501
707.444.3800

Praj White, P.E.
Area Manager

David Kuszmar, P.E.
Project Manager

Tim Windbigler
Engineering Technician

Humboldt County Assoc. of Governments

427 F Street, Suite #220
Eureka, CA 95501
707.444.8208

Marcella Clem
Executive Director

Smith Electric Construction

875 Eureka Street
Eureka, CA 95503
707.443.5818

Harold Smith
Licensed Contractor

Additional contributors to whom we are grateful include staff from the following business
and organizations:

- The Security Store (Redway, CA)

- Advance Security Products (Belleville, IL)

- Swanlund’s Camera (Eureka, CA)

- Redwood Electronics Corporation (Eureka, CA)

- Manhard Consulting (Eureka, CA)

- Caltrans District 1 Encroachment Permits, Maintenance, Traffic Operations,
Traffic Safety, System Planning, and Community Planning Units (Eureka, CA)
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Recommended Data Collection System

System Components

Carrying Case

Make: Pelican Brand

Model: 1400 silver color

Specs: 13.37”x 11.62” x 6.00”, comes w/ Pick N’ PluckTM foam in the case and convoluted
foam in the lid. Threaded, compression grommets of unknown make and model
necessary for sealing wire runs from exterior conditions provided and installed by
The Security Store (TSS). Velcro spots or tape applied to the case to hold foam and
miscellaneous loose components made by 3M. Everfocus model EPTZ – PLMN
stainless steel pole mount bracket and bracket-to-case mounting hardware w/ weather
resistant provided and installed by TSS.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendors:
Case - Engineered Packaging Solutions www.pelicancasesnow.com 800.592.7406
Velcro - ULINE www.uline.com 800.958.5463

Cameras

Make: Advanced Security Products (proprietary)

Model: SSC-113WEX

Specs: Black and white, weather proof, 1/3” Sony EX view super HAD CCD, 580 horizontal
TV lines. 2:1 interlace scanning, electronic shutter 1/60 – 1/100,000(sec), 0.0003 lux
/ F2.0 sensitivity, S/N ratio more than 50dB, 150 mA / DC 12V power input. Various
lenses available: 3.6mm, 6mm, 8mm, 12mm, 16mm.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Advanced Security Products www.surveillance-spy-cameras.com 866.720.0779

Make: Everfocus

Model: EZ-VF325NH

Specs: Color, IP67 rated, 1/3” Sony EX view super HAD color CCD, 550 TV lines. 2:1
interlace scanning, electronic shutter 1/60 – 1/100,000(sec), 1.0 lux / F2.0 sensitivity,
S/N ratio more than 45dB, 130 mA / DC 12V power input. Vari-focal lens 4mm to
9mm.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
123 Security Products www.123securityproducts.com 866.440.2288
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Battery

Make: Enersys

Model: Data Safe NPX-80B

Specs: 7.13” x 2.99” x 6.57” Lead Acid 12V, 80W per cell, 20Ah, 250 cycles at 100%
discharge, 14.5lbs.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Portable Power Systems www.gotbatteries.com 800.551.5645

Manual Timer

Make: GTO

Model: TM 619

Specs: 24 hour / 7 day, 12V DC, 16A contact rating, up to 8 on/off per day, CR2032 lithium
battery back-up. Wire harness provided and installed by TSS.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Timerco www.timerco.com 888.874.6280

Digital Video Recorder (DVR) w/ Remote Control

Make: Advanced Security Products (proprietary)

Model: SSC-758

Specs: Long-term outdoor, solid state (SD card memory), record continuously or via motion
detection, 1-hour increment schedule options, 140mA / 12V DC power,
programmable, 1-30fps frame rate, 320 x 240 or 640 x 480 resolution. AC adapter
included, input 100 – 240V 0.15Amax 50-60Hz, output 12V DC 0.5A.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Advanced Security Products www.surveillance-spy-cameras.com 1.866.720.0779

Memory Card

Make: (Various)

Model: Secure Digital (SD)

Specs: High capacity (SDHC), Class 6 or better, 8GB minimum recommended.

Local Sources:
The Security Store (Redway California) 707.923.2363
Swanlunds Photography www.swanlunds.com 707.442.4522

Online Vendor:
1One Call www.onecall.com 866.340.9991
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Accessories

Handheld Video Monitor

Make: Arm Electronics

Model: 35SMKIT

Specs: 5.91” x 3.35” x 2.87” total size, 3.5”(diag) Color LCD, 480 x 234 resolution, R.G.B
Delta picture, (8) No.3 Alkaline batteries power source, BNC connector, 200g.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
B&H Photo www.bhphotovideo.com 800.606.6969

Battery Charger

Make: Vector

Model: VEC080

Specs: UL listed. Input: 120 volts AC, 60 Hz, 0.5 Amps. Output: 12 volts DC, 2/1 Amps.
Includes DC accessory plug, batter harness clips, and battery ring terminal harness.
Features red, yellow, and green LED indicator lights, automatic power on/off, and
built-in circuit protection.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Sears: www.sears.com

Combo Lock

Make: Master Lock

Model: 643D

Specs: 1-9/16” solid metal body, nickel-plated steel shackle, 4-entry resettable combination.

Local Sources:
Target, ACE Hardware, Do-It-Best Hardware, Walgreens

Online Vendors:
See: http://www.masterlock.com/where_to_buy/

USB SD card reader

Make: Kawau

Model: SDHC C227

Specs: High-speed 8-in-1 USB 2.0 card reader / writer for SD MMC, compatible with
Windows 98 / 2000 / XP / Vista and Mac OS 8.61.

Local Source:
The Security Store (Redway California) 707.923.2363

Online Vendor:
Sourcing Gate www.sourcinggate.com
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Figure 1. Recommended Digital Data Collection System.
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Figure 2. Digital Data Collection System Wiring Schematic
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Suggested Protocols for Equipment Installation and Operation

Equipment Installation Procedures

Before Leaving for the Field:

(1) Recon your site and carefully plan your equipment installation activities. Visit the site
in person, or view it using the Caltrans Photolog or your favorite mapping and/or
satellite imaging software.

 When planning your field schedule, determine the best time for equipment
installation (and removal), considering lighting conditions, local traffic patterns, and
safety concerns. For instance, it may be advantageous to schedule equipment
installation for the time of day you suspect lighting conditions to be the least
favorable for filming, so that you may observe and address any lighting-related
problems upon installation. It may also be advantageous to schedule equipment
installation to avoid suspected periods of heavy motorized traffic, or to target
suspected periods of heavy pedestrian traffic.

 When identifying potential mounting location(s) for monitoring unit(s), work with the
Data Manager to take inventory of all the pedestrian and cycling movements you may
wish to capture on video at your sampling site. Determine the number of monitoring
units you’ll need to install in order to capture all anticipated movements. Identify
candidate mounting locations, and devise a plan with your field partner (if applicable)
for safe parking, transit, and equipment installation at each candidate location.
Determine which type of camera (B&W or color) may be best suited for each
candidate location, and which lenses or vari-focal settings you intend to use.

(2) Review the DVR User’s Manual (Appendix E). Familiarize yourself with its many
functions, and how to access those functions using the handheld video monitor and DVR
remote control.

(3) Gather all the items listed in the Field Preparation Checklist (below), and pack them for
easy access in the field. Be sure that all devices with rechargeable batteries are fully
charged, and that replacement disposable batteries are available for all other devices.

(4) Pre-program the DVR and manual timer with your preferred settings (resolution, video
image size, file size, frames per second, recording interval, etc.) using the handheld
video monitor and the DVR remote control. Synchronize the DVR and manual timer to
the correct date and time. To avoid potential data loss, always set the manual timer to
turn on and off at least 15 minutes before and after the DVR does so, respectively.

(5) Conduct a bench test of the monitoring unit to be sure all components (i.e., timer, DVR,
SD card, camera, digital monitor, mounting hardware, and combo lock) are in proper
working order.

Once in the Field

(1) Be safe at all times! Park your vehicle out of harm’s way; set up cones and/or safety
signs as required by your encroachment permit, agency rules, or as site conditions
warrant; and wear appropriate safety attire for all field activities.
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(2) Choose your intended mounting location, and situate the ladder so that the monitoring
unit may be safely mounted without excessive reaching, straining, or leaning. For safe
ladder placement and use, follow these additional tips:

 Whenever possible, situate the ladder so that a person on it faces oncoming traffic.

 If the ladder is situated on uneven ground, always step on the high side of the ladder
rungs when ascending or descending.

 Ask your field partner (if applicable) to watch traffic and/or steady the ladder while
you are mounting the unit.

 While on the ladder, always keep one hand free to steady yourself.

(3) Once the ladder is situated, the monitoring unit (minus the battery) is ready to be
mounted. Consider the following:

 To avoid potential equipment damage by vandals, install the monitoring unit with the
camera on the topside.

 Thread the mounting straps through the upper and lower mounting bracket holes
while still on the ground, planning ahead for the direction from which you wish to
operate the screwdriver.

 It may be necessary to connect multiple straps together if the circumference of your
mounting location (presumably a pole or tree) is greater than the length of a single
mounting strap.

 In some cases, it may be most convenient to connect the straps loosely around the
pole or tree while standing on the ground, and then to shimmy the entire system up
the pole or tree and tighten the strap as you ascend.

 Whenever possible, use the nut-driver bit to tighten the strap clamps, rather than the
screwdriver bit. The nut-driver bit is much safer and easier to use because it is self-
locating, and requires far less reaching from the ladder to operate.

(4) Once the monitoring unit is securely fastened to the pole or tree, install the battery and
connect all power cords, making as many trips up and down the ladder as necessary to
safely complete these tasks.

(5) Once the battery is installed and the unit is powered-up, use the handheld video monitor
to see what the camera sees by plugging it into the side of the DVR. Follow these tips
when setting the camera:

 Adjust, zoom, and/or focus the camera as necessary to capture the desired view of
your monitoring location on screen.

 Be patient! It may be necessary to alter the height of the monitoring unit to properly
set the camera. Do not do so without first removing the battery and setting it in a
secure location (off the ladder). It may even be necessary to choose a different
mounting location altogether, or to use a different camera lens if the images on the
video monitor do not show what you are hoping to capture on screen.

 To prevent data loss, consider lighting conditions due to the path of the sun over the
course of a day, and mitigate for those conditions if possible. Harsh shadows or
direct sunlight can make video data difficult or impossible to process.

 To allow for rapid data review, set the camera such that the amount of time any
cyclist or pedestrian appears within the camera’s recorded frame is maximized.
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 Once the camera is set, make sure that the camera mounting arm is securely tightened
and that the camera cannot be easily knocked out of position.

 Clean the camera lens with a lens wipe, if necessary.

(6) Once the monitoring unit is in place, and the camera is securely set to capture the
desired view of your monitoring location, verify that the manual and DVR timers are
still synchronized, and that the DVR settings remain correct and require no additional
adjustments. To avoid potential memory card failures, format the SD card in the field
using the DVR remote control. Do this even if the card is already blank.

(7) Conduct a camera test. Allow the monitoring unit to record non-motorized traffic
activity for several minutes, or at least until the unit has had time to record and
download three or more complete video files to the SD card. If there is no non-
motorized activity within this short period of time, stage such activity yourself by
walking around the sampling site. Try to stage movements that pedestrians and cyclists
are likely to make within the camera’s recorded frame.

(8) Once several minutes have elapsed, return to the monitoring unit, and verify that the
system is working properly by reviewing the recently stored video files using the
handheld video monitor and DVR remote control. Make any adjustments to the DVR
settings or camera position as necessary, and repeat the camera test as required.

(9) [Optional] Replace the SD card containing the recently stored video files with a new
card. Format the new card and reset the monitoring unit to resume recording using the
handheld video monitor and DVR remote control. Bring the first card back to the office
(or to the nearest laptop computer) to view the video test files under ‘data processing
conditions’ (i.e., using the same reviewing software and screen size as will be used for
data processing).

(10) Unplug and turn off the handheld video monitor; secure the DVR; and shut the mounted
plastic case, all the while being careful not to knock the case or the camera out of their
set positions. Use the padlock (w/ combo from the Equipment Manager) to secure the
case.

(11) Before leaving the site, complete your equipment installation field notes. At a
minimum, be sure to include the following information: arrival time, departure time,
personnel, weather, equipment used, camera settings, DVR settings, manual timer
settings, and any other important notes or observations pertaining to the installation.

Back at the Office

(1) Upon your return from the field, properly store all equipment for future use; properly
dispose of used batteries; and notify the Equipment Manager of any equipment repair or
replacement needs.

(2) If you opted to bring the SD card from your camera test back to the office, review the
video files on it under ‘data processing conditions’ to verify that they can be
successfully processed. Remember, someone will be watching hours of recorded data
that look just like this. If there appear to be any problems that may prohibit successful
data processing, consult with the Data Manager immediately, and determine whether a
follow-up field visit is required to adjust the monitoring unit or its settings.
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(3) Safely store your field notes, to be completed upon your return to the sampling site for
equipment removal.

Other Tips and Advice

 Before every trip to the field, plan well enough ahead to fully charge all 12V system
batteries and the cordless screwdriver.

 Always keep the handheld video monitor turned off when not in use. This device drains
its batteries quickly.

 When setting the DVR, use the ‘Scheduled Record’ option, and adjust the settings under
the ‘Continue Record’ menu. Set the recording speed to 10 frames per second; set the
maximum file size to 3 Megabytes; and use the highest resolution and image size settings
as your sampling site warrants, and as your memory card has the capacity to store.

 When choosing a mounting location, carefully consider the data you wish to generate
using the recorded video. Many times, the best mounting spot is located at some distance
from the area to be filmed. For instance, video recorded by a camera mounted directly
above an intersection must be viewed in the office at slower speeds, because the subjects
being counted enter and exit the recorded frame very quickly. On the other hand, video
recorded by a camera located at a distance from the intersection can be viewed at faster
speeds, because the subjects being counted remain within the recorded frame for an
extended period of time.

 When using multiple cameras to record video at a sampling site, carefully consider how
the video data will be processed. Consult with the Data Manager to evaluate options for
complementary mounting locations. Remember, the number of hours required to process
data for a sampling site is directly proportional to the number of cameras used at that site.

 Conduct all field activities with a partner whenever possible, and discuss your plan of
action before arriving onsite. For safety reasons, the person on the ladder should have
hands free whenever possible. This means that the person on the ground should plan to be
available to steady the ladder, and to assist his/her partner by handing up (or taking down)
batteries, handheld monitors, tools, and other equipment as needed to safely complete an
installation.

Equipment Removal Procedures

Before Leaving for the Field:

(1) Carefully plan your equipment removal activities using lessons learned during
equipment installation.

 When planning your field schedule, consider lighting conditions, local traffic
patterns, and safety concerns. For instance, it may be advantageous to schedule
equipment removal to avoid periods of heavy motorized traffic.

 Build extra time into your schedule to diagnose and address any unforeseen
equipment or data problems that you may encounter while in the field.

(2) Review the DVR User’s Manual (Appendix E). Familiarize yourself with its many
functions, and how to access those functions using the handheld video monitor and DVR
remote control.
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(3) Discuss possible contingencies with the Data Manager, and plan for unforeseen
equipment or data problems that you may encounter while in the field. Have a plan for
who will be contacted under different problem scenarios, and for how real-time
decisions will be made in each case. Be prepared (if deemed necessary) to repair, reset,
or re-install monitoring equipment in the event that the previously installed unit has been
vandalized, or has otherwise failed, resulting in data loss.

(4) Considering all possible contingency plans, gather the applicable items listed in the
Field Preparation Checklist (below), and pack them for easy access in the field. Be sure
that all devices with rechargeable batteries are fully charged, and that replacement
disposable batteries are available for all other devices.

Once in the Field

(1) For equipment removal, follow all suggested protocols related to safety, ladder
placement, and ladder use as specified above for equipment installation.

(2) Once the ladder is properly situated, ascend it; remove the padlock (w/ combo from the
Equipment Manager); and open the mounted plastic case.

(3) Conduct a system status check. Use the handheld video monitor to check the status of
all system components, and report the results in your field notes. If anything appears to
be awry, attempt to diagnose the problem before disassembling or removing the
monitoring unit. If the battery is dead, replace it with a fresh battery, then proceed with
the status check:

 Is the system recording (on not recording) per schedule?

 Is the camera still in focus and properly aimed?

 Is the SD memory card at capacity?

 Are the DVR and manual timers still synchronized?

(4) Conduct a data scan. Upon completing the status check, use the handheld video monitor
and DVR remote control to scan the data stored on the SD memory card. Verify that all
expected data are present and accounted for by scanning the first and last video file from
each recorded day. If data appear to be missing, or if anything else appears to be awry,
attempt to diagnose the problem before disassembling or removing the monitoring unit.

(5) If the status check or data scan reveal any apparent system malfunction, make an attempt
to diagnose the problem, then implement the appropriate contingency plan. If the status
check and data scan reveal no apparent problems, proceed with disassembling and
removing the monitoring unit.

(6) Remove the monitoring unit from its mounted position by reversing the steps that you
took to install it, making as many trips up and down the ladder as necessary to safely
complete these tasks:

 Turn off the recoding system using the handheld video monitor and DVR remote
control.

 Disconnect all power cords and remove the battery.

 Secure the DVR and shut the mounted plastic case.

 Remove the monitoring unit by first loosening the bottom strap, followed by the top
strap, using the reverse setting on the cordless screwdriver. It may be most
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convenient to slide the entire system down the pole or tree while you descend the
ladder by loosening the straps in gradual increments. Once on level ground, remove
the straps entirely while holding onto the handle of the plastic case.

(7) Before leaving the site, complete your equipment removal field notes. At a minimum,
be sure to include the following information: arrival time, departure time, personnel,
weather, equipment used, system status check results, data scan results, and any other
important notes or observations pertaining to contingency plan implementation or
equipment removal.

Back at the Office

(1) Upon your return from the field, remove the SD memory card from the monitoring unit,
and deliver it, along with your complete field notes (for both installation and removal) to
the Data Manager for data processing and reporting.

(2) Properly store all equipment for future use; properly dispose of used batteries; and notify
the Equipment Manager of any equipment repair or replacement needs.

Other Tips and Advice

 Before every trip to the field, plan well enough ahead to fully charge all 12V system
batteries and the cordless screwdriver.

 Always keep the handheld video monitor turned off when not in use. This device drains
its batteries quickly.

 When using multiple cameras to record video at a sampling site, do not disassemble or
remove any monitoring equipment until status checks and data scans have been conducted
on all units, and have revealed no apparent system malfunctions.

 Conduct all field activities with a partner whenever possible, and discuss your plan of
action before arriving onsite. For safety reasons, the person on the ladder should have
hands free whenever possible. This means that the person on the ground should plan to be
available to steady the ladder, and to assist his/her partner by handing up (or taking down)
batteries, handheld monitors, tools, and other equipment as needed to safely complete an
installation.
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Field Preparation Checklist

Field Equipment Monitoring Unit Components

 Hard Hat & Safety Vest

 Traffic Cones and Signs

 Orchard Ladder (or similar)

 Tool Belt

 Mini Screwdrivers

 Standard Flathead Screwdriver

 Mounting Straps (at least 6)

 Cordless Screwdriver (w/ socket and
flathead bits)

 AA Batteries (8) for Handheld Monitor

 AAA Batteries (2) for Remote Control

 CR2032 Battery for Timer

 Lens Wipes

 Field Notebook or Data Entry Form

 Pen or Pencil

 Camera Unit w/ DVR, Remote Control
and Timer

 Camera Lenses (if applicable)

 12V Battery

 SD Cards (2) 8 GB, HC Class 6 or better

 Handheld Video Monitor (w/ neck strap)

 Padlock (ask Equipment Manager for
combo)
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Appendix D: Suggested Protocols for Data
Processing and Reporting
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Suggested Protocols for Data Processing and Reporting

Video Data File Storage (Data Manager)

(1) Upon the conclusion of data collection efforts at a sampling site, field personnel will
deliver all raw video data files and accompanying field notes to you (the Data Manager).

(2) Archive the raw video data files and copies of all field notes in a secure digital folder,
then place copies of those files in a working folder, which will be used during data
processing activities.

Viewing Folders Containing Video Files in MS Windows (All Personnel)

For efficiency, and to avoid data processing errors, always follow these steps when viewing
any folder containing video data files in MS Windows. Refer to Figure D1 for an example:

(1) Select the ‘Details’ view.

(2) Customize the view to display only ‘Name’, ‘Size’, ‘Date Created’ and ‘Duration’ by
right-clicking on the column heading bar.

(3) Sort the files by ascending ‘Date Created’.

Note: if you do not sort by ‘Date Created’ each time you open a window, Windows may
instead sort by name, which will cause the files to be displayed out of order.

Figure D1. Typical View of Folder Containing Raw Video Data Files in
MS Windows.
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Data Input Workbook Setup (Data Manager)

(1) Using available templates or workbooks created for previous data sets, create a blank
Data Input Workbook (in MS Excel) for the data to be processed. The first page of the
workbook should be a Data Set Summary Sheet, followed by Data Input Sheets for each
day for which video files are available.

(2) Begin to fill out the Data Set Summary Sheet for the video files to be processed. Much
of the information to be initially filled out should be available in the field notes
accompanying the raw data video files.

(3) Ready the raw video data files for review and processing by sorting them in an
electronic folder in the manner described above, and as illustrated in Figure D1.

Data Completeness Check (Data Manager)

(1) Prior to the review of a data set, check and report on the completeness of the raw video
data files. If you determine that the data set is not sufficiently complete, it should not be
reviewed.

(2) While viewing a folder containing the raw video data files in MS Windows, visually
inspect the ‘Size’ column, looking for any discrepancies. All files in the folder should
be the same size (e.g., approximately 3 MB). Using Windows Media Player (v.11) in
the manner described below, and as illustrated in Figures D2 and D3, view any file that
is not appropriately sized – as well as one file before and one file after – to determine
whether any video data are missing. Missing data can be detected by carefully tracking
the time-stamp at the bottom of the video images.

(3) Visually inspect the ‘Duration’ column, looking for any discrepancies. Over the course
of a day, the duration of video files may vary significantly, due to changing light
conditions and traffic activity at the sampling site. However, the duration of any single
video file should be similar to the files recorded immediately before and after it. Using
Windows Media Player (v.11), view any file that appears to be suspiciously too short or
too long – as well as one file before and one file after – to determine whether any video
data are missing.

(4) Visually inspect the ‘Date Created’ column, looking for any discrepancies. The time
listed for the first file in each recorded day should match the time the camera was set to
begin recording, as indicated in the field notes. Likewise, the time listed for the last file
in each recorded day should be slightly earlier than the time the camera was set to stop
recording.

(5) Using Windows Media Player (v.11), view the first file and the last file of each day to
determine whether any video data are missing within the intended interval for each
recorded day. Also, in preparation for determining an appropriate ‘design day’ for the
sampling site, take note of the lighting conditions at the beginning and end of each
recorded day.

(6) Based on the exercises above, quantify any video data that appear to be missing from the
data set (in terms of minutes and seconds). Once a Data Input Workbook is available for
the data set, report your findings in the ‘Notes’ column of the Data Input Sheets for each
day.
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Design Day Determination (Data Manager)

(1) Prior to any data processing, specify an appropriate ‘design day’ for the data set. Unless
otherwise specified in the sampling design, the length of a design day should be 13
consecutive hours. The designated beginning and end of the design day will be a
function of available video data, lighting conditions at the site when the data were
recorded, and the timing of targeted traffic events.

(2) Using Windows Media Player (v.11), view several files toward the beginning and end of
each recorded day to determine the most appropriate design day for the data set.

(3) Once the design day has been established, the fill out all relevant fields in the Data Set
Summary Sheet, including ‘Total Time Sampled’, ‘Total Memory Used’, and ‘% Data
Completeness’ for the sampled interval.

Data Input Sheet Preparation (Data Manager)

Prepare a Data Input Sheet in the Data Input Workbook for each day for which raw video
data files are available. Each sheet should contain the same number of rows and columns,
constructed as follows:

(1) Unless otherwise specified in the sampling design, each row in the data sheet should
represent a 15-minute interval of recorded time.

(2) The columns in the data sheets will vary from site to site. Based on conversations with
field personnel, your knowledge of the site, and your experience with video files viewed
so far, create columns to capture all possible pedestrian and cyclist movements at the
sampling site, as well as any other parameters specified in the sampling design for
characterizing non-motorized traffic users.

(3) To assist the Data reviewer, fill all rows in each Data Input Sheet (minus the first and
last cells in each row) according to the following color codes.

White = Video data are available for this interval

Gray = No video data are available for this interval

Light Blue = Video data are available for this interval, but the interval is outside
the designated design day or sampling period.

(4) Where the data completeness check revealed missing data in any 15-minute interval, fill
the first cell in the appropriate row in the Data Input Sheet with pink, and indicate in the
‘Notes’ column how many minutes and seconds are missing in the interval.

(5) Select two or more hours of consecutive video files to be used for an accuracy check.
Each hour may come from a different recorded day. Using the protocols described
below, process the video and record non-motorized traffic data for those hours, and save
the results on copies of the appropriate Data Input Sheets. Your results will later be
compared to results generated by the Data Reviewer for the same hours.

(6) After discussing the results of the accuracy check with the Data Reviewer, make any
needed adjustments to the Data Input Sheets or reviewing protocols; decide whether
additional checks should be performed to ensure data quality and consistency; and
proceed accordingly.
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Viewing Video Files Using Windows Media Player (v.11) (All Personnel)

(1) To view a number of files consecutively, select the files from a MS Windows folder by
clicking on the first of the series, then clicking on the last of the series while pressing
SHIFT on your keyboard. Refer to Figure D2 for an example.

(2) Once the files have been selected, right click on the first file, and select ‘Add to
Windows Media Player list’ to view them. Refer to Figure D2 for an example.

Note: If you do not right click on the first file, Windows Media Player will queue and
play the files out of order.

Figure D2. Selecting Consecutive Video Files from a Windows Folder
for Viewing with Windows Media Player.

(3) Upon selecting ‘Add to Windows Media Player list’, Windows Media Player will open
automatically (if it is not already open), and will begin playing the files in consecutive
order. Refer to Figure D3 for an example.

(4) Configure Windows Media Player to be viewed in ‘Full Mode’ with the ‘play list’ on the
right of the viewing window, and with the ‘Play Speed Settings’ enhancement below the
viewing window. Refer to Figure D3 for an example.
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Figure D3. Typical ‘Full Mode’ View of Windows Media Player (v.11)
with ‘Play List’ and ‘Play Speed Settings’ Enhancement.

(5) Use the buttons on Windows Media Player to play, pause, fast-forward, rewind, speed
up, or slow down video images, or to select video files from the play list. For best
results, and to maximize efficiency, familiarize yourself with all the available features of
Windows Media Player (v.11) before processing video data.

Note: Many of Windows Media Player’s features can be accessed using time-saving
shortcut keys, some of which include:

VIEW FULL MODE CTRL + 1
VEW FULL SCREEN ALT + ENTER

PLAY CTRL + P
PAUSE CTRL + P
STOP CTRL + S
FAST-FORWARD CTRL + SHIFT + F
REWIND CTRL + SHIFT + B

NORMAL PLAY CTRL + SHIFT + N
SLOW PLAY CTRL + SHIFT + S
FAST PLAY CTRL + SHIFT + G

video
display
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Data Processing and Recording (Data Reviewer)

(1) While processing video files and recording non-motorized traffic data, follow suggested
protocols (above) for viewing folders containing video files in MS Windows, and for
viewing video files using Windows Media Player (v.11).

(2) View all video files for each design day in the sampling interval with the appropriate
Data Input Sheet open on your computer desktop. Toggle between Windows Media
Player and MS Excel as necessary to process video and to record non-motorized traffic
data.

(3) While watching video files, enter the total number of observed traffic events in the
appropriate row of the Data Input Sheet for each 15-minute increment, pausing
Windows Media Player as necessary to accurately record the results.

(4) Ask the Data Manager which intervals he/she selected for the accuracy check, and begin
your efforts by processing video and recording data for those intervals. Compare your
results with the Data Manager’s results; discuss and address any discrepancies; and
make any needed adjustments to the Data Input Sheets or reviewing protocols. Proceed
with data processing, or with additional accuracy checks as directed by the Data
Manager.

(5) Once all video files in the sampling interval have been processed, and all data recorded,
submit the completed Data Input Workbook to the Data Manager for review and
approval. Make note of any issues or questions the Data Manager should consider while
performing his/her review.

(6) To ensure efficiency, follow these additional tips for data processing and recording:

 Discuss with the Data Manager how to properly record nuanced traffic events, either
in advance of data processing, or as those events are observed. For example, have a
plan for whether and how to document illegal traffic movements by cyclists and
pedestrians, horseback riders, motorized and non-motorized wheelchair users,
skateboarders, scooters, tandem bike riders, etc. When in doubt, count all such
traffic, and enter a brief description of each event (along with the specific time at
which it occurred) under the ‘Notes’ column in the appropriate row of the Data Input
Sheet.

 View and process video data in manageable batches. That is, add video files to the
Windows Media Player play list in batches of one or two recorded hours (i.e., four to
eight consecutive 15-minute increments) at a time. Once those files have been
viewed and processed, clear the play list and add the next batch.

 View each Data Input Sheet using the split screen option in MS Excel, so the column
headings are always present at the top of the sheet during data entry.

 Take regular breaks while reviewing and processing data as necessary to rest your
eyes. During these breaks, take turns focusing on objects at far-away distances.
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Data Review, Correction and Approval (Data Manager)

(1) Upon receiving the completed Data Input Workbook from the Data Reviewer, open the
workbook and review each Data Input Sheet for the following:

 Does each sheet have the same rows and columns as originally constructed?

 Do all the rows within the designated sampling interval contain data?

 Do any comments listed in the ‘Notes’ column require further action or review?

 (If applicable) Does the total number of cyclists recorded for each 15-minute interval
equal the total number of tourists-plus-commuters and/or the total number of helmets-
plus-no helmets-plus-non-detects recorded for the same interval?

(2) Upon discovering any potential error or discrepancy in the completed Data Input
Workbook, proceed with one of the following options:

 Correct the error or discrepancy yourself by reviewing the subject video files, and
notify the Data Reviewer of any changes to the recorded data.

 Return the appropriate Input Data Sheet(s) to the Data Reviewer to be corrected and
resubmitted for your review.

 Discuss the error or discrepancy with the Data Reviewer to determine an appropriate
course of corrective action.

(3) Upon the correction of all errors and discrepancies in the completed Data Input Sheets,
complete the Data Set Summary Sheet; approve and archive the Data Input Workbook in
a secure digital folder, along with the original raw video data files and copies of the
original field notes; and deliver a copy of the approved Data Input Workbook to the data
user.
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Appendix E: Excerpts from Digital Video
Recorder (DVR) User’s Manual
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Appendix F: Traffic Data Summaries



NMDDC Pilot Project - January 2011

Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: MANILA
Camera No. 1 Camera Type / Lens: BW / 3.6 mm
Site Location: HWY 255 @ Lupin Drive (Manila) Video Size: 320 x 240
Photo Log Location: Frame = 297 (HUM 255 N) Frame Rate: 10 fps

Resolution: Low
Time of Installation: 8/13/2010 12:32
Personnel: DAK, OFG Date(s) Processed: ---
Time of Take-down: 8/16/2010 14:14 Data Processor: TMW
Personnel: DAK
Total Time Installed: 74 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:00
Design Day End: 19:00 Total Ped Events: 96

Total Cyclist Events: 94
Sampling Interval Start: 8/13/10 14:00
Sampling Interval End: 8/16/10 14:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 535 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:

F-1



NMDDC Pilot Project - January 2011

Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: INDIANOLA
Camera No. 1 Camera Type / Lens: Color / varifocal
Site Location: HWY 101 @ Indianola Cutoff (Eureka) Video Size: 320 x 240
Photo Log Location: Frame = 8027 (HUM 101 N) Frame Rate: 10 fps

Resolution: Low
Time of Installation: 8/13/2010 12:55
Personnel: DAK, OFG Date(s) Processed: ---
Time of Take-down: 8/16/2010 14:40 Data Processor: TMW
Personnel: DAK
Total Time Installed: 74 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:00
Design Day End: 19:00 Total Ped Events: 10

Total Cyclist Events: 167
Sampling Interval Start: 8/13/10 13:00
Sampling Interval End: 8/16/10 13:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 1,475 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:
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Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: HIOUCHI
Camera No. 1 Camera Type / Lens: BW / 8mm
Site Location: HWY 199 @ Downtown Hiouchi Video Size: 320 x 240
Photo Log Location: n/a Frame Rate: 10 fps

Resolution: Low
Time of Installation: 8/17/2010 09:28 8/17/10 09:30

Personnel: DAK, TMW Date(s) Processed: ---
Time of Take-down: 8/20/2010 10:28 Data Processor: LH
Personnel: OFG
Total Time Installed: 73 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:30
Design Day End: 19:30 Total Ped Events: 353

Total Cyclist Events: 49
Sampling Interval Start: 8/17/10 09:30
Sampling Interval End: 8/20/10 09:30

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 1,140 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:
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Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: WABASH
Camera No. 1 (NE) Camera Type / Lens: Color / varifocal
Site Location: HWY 101 @ Wabash Ave. (Eureka) Video Size: 320 x 240
Photo Log Location: Frame = 7495 (HUM 101 N) Frame Rate: 10 fps

Resolution: Medium
Time of Installation: 8/24/2010 14:40
Personnel: TMW, OFG Date(s) Processed: ---
Time of Take-down: 8/27/2010 14:52 Data Processor: LH
Personnel: TMW, OFG
Total Time Installed: 72 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:30
Design Day End: 19:30 Total Ped Events: 2858

Total Cyclist Events: 556
Sampling Interval Start: 8/24/10 15:00
Sampling Interval End: 8/27/10 15:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 2,729 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:
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Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: WABASH
Camera No. 2 (SE) Camera Type / Lens: BW / 3.6mm
Site Location: HWY 101 @ Wabash Ave. (Eureka) Video Size: 320 x 240
Photo Log Location: Frame = 7495 (HUM 101 N) Frame Rate: 10 fps

Resolution: Medium
Time of Installation: 8/24/2010 13:39
Personnel: TMW, OFG Date(s) Processed: ---
Time of Take-down: 8/27/2010 15:08 Data Processor: LH
Personnel: TMW, OFG
Total Time Installed: 74 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:30
Design Day End: 19:30 Total Ped Events: 2858

Total Cyclist Events: 556
Sampling Interval Start: 8/24/10 15:00
Sampling Interval End: 8/27/10 15:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 1,607 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:
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NMDDC Pilot Project - January 2011

Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: PUDDING CREEK
Camera No. 1 Camera Type / Lens: Color / varifocal
Site Location: HWY 1 @ Pudding Creek Bridge (Fort Bragg) Video Size: 320 x 240
Photo Log Location: Frame = 4273 (MEN 001 S) Frame Rate: 10 fps

Resolution: Medium
Time of Installation: 8/30/2010 09:22
Personnel: TMW, OFG Date(s) Processed: ---
Time of Take-down: 9/3/2010 08:15 Data Processor: RCM
Personnel: TMW, OFG
Total Time Installed: 95 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:15
Design Day End: 19:15 Total Ped Events: 129

Total Cyclist Events: 134
Sampling Interval Start: 8/31/10 06:15
Sampling Interval End: 9/2/10 19:15

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 2,996 MB No recorded data
% Data Completeness: 99% Recorded data outside sampling interval

Notes:
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NMDDC Pilot Project - January 2011

Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: DOWNTOWN FORT BRAGG
Camera No. 1 (SE) Camera Type / Lens: Color / varifocal
Site Location: HWY 1 @ Lupin Drive (Fort Bragg) Video Size: 320 x 240
Photo Log Location: Frame = 4335 (MEN 001 S) Frame Rate: 10 fps

Resolution: Medium
Time of Installation: 8/30/2010 08:44
Personnel: TMW, OFG Date(s) Processed: ---
Time of Take-down: 9/3/2010 07:42 Data Processor: LH
Personnel: TMW, OFG
Total Time Installed: 95 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:00
Design Day End: 19:00 Total Ped Events: 4110

Total Cyclist Events: 326
Sampling Interval Start: 8/30/10 08:00
Sampling Interval End: 9/2/10 08:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 2,192 MB No recorded data
% Data Completeness: 98% Recorded data outside sampling interval

Notes:
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Non-motorized Traffic Count - Data Set Summary Sheet

Site Name: DOWNTOWN FORT BRAGG
Camera No. 2 (SW) Camera Type / Lens: BW / 3.6mm
Site Location: HWY 1 @ Lupin Drive (Fort Bragg) Video Size: 320 x 240
Photo Log Location: Frame = 4335 (MEN 001 S) Frame Rate: 10 fps

Resolution: Medium
Time of Installation: 8/30/2010 07:56
Personnel: TMW, OFG Date(s) Processed: ---
Time of Take-down: 9/3/2010 07:22 Data Processor: LH
Personnel: TMW, OFG
Total Time Installed: 95 hours Date(s) Checked: ---

Data Checker: DAK
Design Day Start: 06:00
Design Day End: 19:00 Total Ped Events: 4110

Total Cyclist Events: 326
Sampling Interval Start: 8/30/10 08:00
Sampling Interval End: 9/2/10 08:00

Legend:
Total Time Sampled: 39 hours Data missing this interval
Total Memory Used: 1,553 MB No recorded data
% Data Completeness: 98% Recorded data outside sampling interval

Notes:
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